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I. INTRODUCTION
Sector of manufacturing in Indonesia is a strategic at least because of four reasons. First, this sector is the largest contributor in Indonesian Gross Domestic Product (GDP). The segment of this sector in GDP 2011 contributed 24.3 percent. Second, this sector absorbs high employment, after the farming and the trading, hotel and restaurant, as well as service sectors. Third, this sector is the main contributor in the total non-oil and gas export. About 38 percent of the total export value or about 46 percent from the non-oil and gas total export in 2011 arise from manufacturing sector. Fourth, manufacturing sector has high backward lingkage and forward linkage to other sectors. The linkage of this sector to other sectors, both the backward and the forward linkage are above the average within all sectors. The growth of manufacturing sector prior economic crisis of 1998 is relatively high 9.2% (yoy) within the period of 1991-1998. However, the average growth declines after the 1998 crisis, which only reached the amount of 4.6% (yoy) Considering the importance of manufacturing sector above, it is important to further analysis the productivity of this sector, particularly the viability of its output. The use of Total Factor Productivity (TFP) term on this paper includes the productivity of all production factors; hence we do not analyze the productivity of individual factors as commonly found in many literatures.
The first aims of this research is to calculate the Total Factor Productivity (TFP) of the large and medium scale manufacturing companies in Indonesia; second, this paper will identify the determinant of manufacturing productivity; and third, to analyze the technical change and the efficiency change at subsector level. With these aims, we expect to be able to identify the potential and the risk of manufacturing sector performance, as well as the policy required to support it.
The second section of this paper will discuss on the theory, the third section will discuss on the data and methodology, whereas part four will discuss on the result and analysis. The conclusion will be provided in the fifth section and will close the paper presentation.
II. THEORY

The Concept of Productivity and Efficiency
The economic performance of a company can be reflected from the level of its efficiency and productivity, that is the ratio of output towards input. The larger the output to input ratio, the higher the performance of the firm will be. If the production process involves more than 
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����������� one input, we need to aggregate the input with certain method and make index in order to calculate the productivity ratio. The same case is required when the company produce multiple outputs. This performance measure is a relative indicator across period or across competitors.
We need to clarify some terms related to productivity and efficiency; and the first one is productivity. Productivity means the ratio of produced output towards the used input. This productivity is reflected in the slope in a certain production point (case of one output y; and one input x). As shown in figure 5. Company B has higher productivity than Company A. 
Illustration of Productivity
The second term is production frontier. The curve of production OF' in Figure 5 shows the amount of maximum output which can be produced in each input level. In other word the production curve reflects the level of the use of technology by the company.
The third term is efficiency. This is a comparison of the output of certain company towards the maximum output produced by other companies using same set of input. The company is considered to be efficient when it operates exactly on the production line (frontier), which is at the point of B and C. On the contrary, it is considered to be inefficient if the company operates under its frontier, which is at the point of A. At point A, the company still can improve its efficiency to point B without additional input. In Figure 5 . we can measure the A efficiency of Company A as AA'/BA'.
We can use Figure 6 to distinguish efficiency and productivity. As explained above, the productivity level is depicted by the slope of the straight line from point O. According to Figure  6 , both Company A and B have equal productivity, however, the efficiency Company A is lower than Company B. On the other hand, Company B and C have the same efficiency; however, the productivity of Company C is larger than Company B. Thus, companies who have the same productivity do not necessarily have the same efficiency, and the companies which equal efficiency do not always have equal productivity. 
The illustration of Efficiency and Productivity Comparison
Allocative efficiency is another term. This is a combination of input composition which produces output with minimum cost or yield maximum income. We can measure the allocative efficiency only if we know the value of those inputs cost. We also know the term of technical change, which can be estimated by how much the production frontier shift say from one period to another. Figure 7 shows the technical change shifts from F 0 ' to F 1 ' Another important term is economies of scale. We can calculate this only if we release the assumption of Constant Return to Scale; hence Variable Return to Scale. The value of economies of scale is the distance between CRSand VRS. Figure 8 illustrates the economies of scale (grey area) which is located between OB curve (Production Frontier under CRS) and OF' (Production Frontier under VRS). The optimal economic scale is the point where the company operates in VRS frontier (OF') with the highest productivity, compared to other companies within the same OF' curve. On this figure, the Company C is in its optimal scale. The last term to clarify is Total Factor Productivity (TFP). This is a productivity which includes all factors of production 2 and can be decomposed into efficiency, technical change, and economic scale. Thus, the concept of TFP used on this paper is different from common method that measure TFP from residual (technology) in production function with capital and labor as primary inputs.
Productivity and Efficiency Measurement
We have three options to measure efficiency; input oriented, output oriented, and distance function. Using input oriented measure, we target certain output then minimize the use of input. Within this method, the most essential variable to observe is input. On the other hand, the output oriented method target certain level of input and then maximize the output. The third method, distance function, is commonly used on academic literature. Before we explain this method in details, we firstly outline the production technology, which explain the multiple-output production technology. The representation of technology set may refer to Coelli (2005) following Fare and Primont (1995), Let S be the technology set, while x and q represent Nx1 input vector and Mx1 output vector. The vector value is non-negative real numbers in nature. Technology set below consists of both input and output vectors (x,q) in which x produces q. S = {(x,q): x can generateq} Production technology can be represented with output and input set as follows.: a) Output Sets, P(x), is an array of output vector, q, which can be produced using input vector, x. Output set will be our base to construct production possibility curve (PPF) with two output.
, is an array of input vector, x, which generate certain output vector, q.
L(q) = {x : x can generate q} = {x : (x,q) ∈ S} Without losing generality, we can explain multi-output technology with one input (x1) and two outputs (q 1 and q 2 ). The input is function of these two outputs:
The combination of two outputs produced by using certain level of input is our production possibility curve (PPC). When the PPC curve is tangential to isorevenue curve, we have the output combination which maximizes the revenue. The optimum point which produce maximum In the case of multiple outputs, technical change may alter the production of certain output relative to other output in two ways. From graphic below, we distinguish between neutral dan non-neutral technical changes. 
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We can apply the distance function both on output and input. The distance function for a company operating in point A is the ratio of OA/OB (see Figure 13 and 14) . Distance function equal 1 (one) means the company already operates in PPC which correspond to certain isoquant, L(q). 
Malmquist Productivity Index
The term of productivity in this paper refers to the Total Factor Productivity (TFP) of multifactors and not the partial factor productivity, such as labor productivity or capital productivity. Partial measurement can be misleading when we measure the performance of a company. When a company produces multiple outputs and multiple inputs, we can use the profitability indicator, which is the ratio of total income against total cost from input.
For two companies, the TFP is measured by comparing the profit of the two companies. After using the price of output and input, we can derive a simplified productivity measure as equation below. Here we compare the productivity of the two companies using the real output and the real input.
We can analyze the dynamics of productivity across period. Two periods comparison will involve 2 (two) production technology sets, S s and S t ; both for period s and t. Each technology set relates to the vector of output q s and q t , as well as the vector of input x s and x t . Common approach to do this is Malmquist Productivity Index (MPI), and we will apply this method on this paper.
Malmquist Productivity Indexwas firstly introduced by Caves, Christensen and Diewert (1982) ; a distance function method for representing technology in order to define families of input, output and productivity indexes. For the output produced in period sand period t, there is a technology that can produce maximum output using x s and x t input. For example, if company produce 80% of its maximum capacity using the input vector x s, andin period t he can produce output 30% above maximum capacity using input vector x t , then the change of productivity from period s to t is 1.30/0.80 = 1.625. MTFPI can be decomposed to 2 (two) components; efficiency change and technical change. By using output orientated measure, the decomposition of MTFPI is:
Considering that the calculation of MTFPI is based on CRS assumption, then there are only two sources of productivity growth; efficiency change and technical change. However, under variable returns to scale assumption, along with these two productivity sources, there are also operating scale and efficiency scale. The weakness of MTFPI was covered later by Grifell-Tatje and Lovell (1999) with generalised Malmquist Productivity Index by internalizing the efficiency scale.
Data Envelopment Analysis
Data Envelopment Analysis (DEA) isa data oriented approach, and is used to evaluates the performance of a set of entity called as DMU (Decision Making Units) which convert multiple inputs to multiple outputs. The production frontier estimation with some numbers of homogenous DMU uses non-parametric mathematical programming approach.
The last MTFPI equation above can be decomposed into 2 components. The first component evaluates the efficiency changes between period s and t, while the second component in brackets estimates the changes of technology between the 2 periods.
Figure below illustrate productivity changes measures. It is assumed that a company has a constant return to scale production characteristic with one input and one output. In period s, the company operates in point D and move to E point in period t; both points are inefficient. Efficiency and technical change correspondingly are:
The first frontier estimation with piecewise-linear convex hull approach is pioneered by Farrell (1957) . Further development was carried out by Boles (1966) and Afriat (1972) using mathematical programming method on frontier estimation. However, the DEA term become popular after the work of Charnes, Cooper, and Rhodes (1978) , who used an input oriented model under Constant Return to Scale (CRS) assumption. After that, Banker, Charnes, and Cooper (1984) modify this model using Variable Return to Scale (VRS) assumption.
Let there are N input and M output for each I companies. Each company is represented by the vector of column xi and qi. The NxI input matrix X, and MxI output matrix Q, represents the data for all of the companies. DEA model uses ratio; for each company, we need to calculate the ratio of aggregate output toward aggregate input. In its aggregation, we use weight where the optimum weight will be determined using mathematical programming. DEA model in the form of Fractional Program (FP) is specified below:
Optimum weight u and v in the FP above is obtained by maximizing efficiency subject to the condition that efficiency value is less than or equal one. The problem arise from the FP above is infinite solutions. Thus, the model in the form of FP above is converted into Linear Programming (LP) as follows:
The weight notation for FP and LP is distinguished to differentiate its mathematical programming form. We can solve the formulation of DEA model in LP above, however, the constraint will increase as the number of company is,and thuswe need to specify the LP form above into Dual Programming (DP). In dual programming, the number of constraints will not increase following the number of companies but rather only adding the variables to solve.
We can specify the dual-programming using output orientated approach below (remaining of this paper will use this):
On the DEA Constant Return to Scale (CRS), it assumes that all of the DMU operates on the optimum economic scale. However, the existence of imperfect competition, financial limitation, etc., make the DMU cannot operate on optimum economic scale. To deal with this we can use DEA model under assumption of Variable Return to Scale (VRS). CRS model is not starkly different with the VRS model except for the addition of convexity constraint (I1'λ = 1). Below is the DEA model under VRS assumption:
The economic scale estimated from the above model does not indicate whether the company is increasing or decreasing returns to scale. For this reason we impose a non-increasing return to scale (NIRS) restriction to DEA model. If the technical efficiency in NIRS model is different from technical efficiency in VRS model (TE NIRS ≠ TE VRS), then we may conclude it as Increasing Return to Scale (IRS). On the other hand, if the TE NIRS isequal with TE VRS then the case is Decreasing Return to Scale (DRS).
Estimation of dual programming model does not always provide the optimum efficiency point. To ensure the solution of the model provide us optimum efficiency, we can use the following model with slack variable: In DEA, the estimation of Total Factor Productivity use index. Simple illustration, if a certain company can produce the same output in period t and t+1, but in period t+1 only use 75% of the input period t, then the TFP index will increase by 1/0.75=1.3. Similarly, if the company uses the same input in both periods, but produces a 30% higher output at period t+1 compared to period t, then the TFP index will be 1.3. However, HM TFP index cannot explain the sources of the productivity growth (technical change, efficiency change), and does not account for the price effect.
On the other hand, the second approach (Profitability Ratio) estimates the TFP index using revenues and costs (price adjusted between period s and t). Similar with HM TFP index, Profitability Ratio approach also neglect the price effects. For these reason, we will use Malmquist TFP Index (MTFPI).
Research on the TFP of Manufacturing sector in Indonesia
There are some numbers of studies on productivity and efficiency in Indonesia. Generally we can classify those researches based on their approach; Data Envelopment Analysis (DEA) and Stochastic Frontier Approach (SFA). The first approach is non-parametric, while the latter is parametric.
In the SFA group, Ikhsan (2007) examined the TFP growth and changes in technical efficiency in Indonesian manufacturing industry during the period of 1988-2000. By using Medium and Large Industry Statistic (SIBS), the study concluded that the average TFP growth was 1.55 percent. The contributors of the TFP growth mainly came from technical progress of about 1.89 percent, while the contribution of economic scale and technical efficiency are-0.13% and -0.21% respectively. On technical efficiency changes, Ikhsan found a visible learning by doing process in technology adoption because the company is not operating at its maximum production capacity.
The National Development Planning Agency or Bappenas (2010) apply Ikhsan method using 2000-2007 data also from SIBS. They found average productivity growth was approximately 0.22 percent. This productivity growth is lower relative to the productivity growth before the crisis 1998 3 . After slowed down during 2000-2004 probably due to post-crisis consolidation, the growth of industrial productivity started to increase 2004-2007. Bappenas found the major contributor of the productivity increase was technical efficiency growth. On the other hand, the growth of technology and economies of scale contributed negatively to the TFP, respectively -0.17% and -0.45%. In 2-digit level disaggregation in ISIC, the Chemical sector recorded the highest TFP growth by averagely 0.21% per year, followed by Non-Metallic Mineral sector (0.14%) and Food and Beverage sectors (0.09%). The lowest productivity growth was in Wood Industry (-1.18%), Other manufacturing (-0.31%), and Textiles sector (-0.08%). Prabowo and Cabanda (2011) Meanwhile, Saputra (2011) and Halim (2010) examined the productivity of the industrial sector using DEA method. Saputra examine the level of technical efficiency of industrial companies in Indonesia. By using the data in the UNIDO 3-digit ISIC level, they concluded that there are 5 sub-sectors with highest efficiency, Tobacco; Iron and Steel; Transportation Equipment; Non-Ferrous Metal; and Chemistry. In general, the efficiency of basic industry was higher than the traditional industry in the category of low and high-tech industry. Nevertheless, the latter industry showed higher efficiency in the last 2 years of their observation. Halim (2010) specifically examined the marketing productivity and the profitability of the company in Indonesia. The inputs used in this study were limited to equity and marketing expenses. DEA method was applied to the five categories of industrial manufacturing company listed on the Stock Exchange during 2001 to 2007; Food and Beverage; Clothing and Textile Product; Plastics and Articles of glassware; Automotive Products; and Pharmaceuticals. The main conclusion of this study is the highest productivity of marketing was in 2005-2006, and the major contributor was technological efficiency. A total of 44 companies were identified operating at their efficient level. Based on their categories, Automotive had the highest productivity and technical efficiency. The TFP for efficient company was positively related to Return on Assets (ROA), reflecting the higher efficiency of marketing productivity, the higher financial performance will be.
III. METHODOLOGY
Methodology
On this paper, the estimation of TFP growth and its components is based on the Malmquist Indexand the application of DEA-Dual Programming method. The components of Total Factor Productivity include technological changes, change of efficiency and change of economic of scale, across companies, sub-sector, and across year.
Output Oriented Malmquist DEA model can be defined as follows:
Where ϕ is a proportional increase in output produced by company i, given constant input; λ is the weight for each input or output; q is the output of company i; and Q is the output of remaining companies. On the other hand, x is the input company i, while X is the input for remaining companies.
The Malmquist TFP index is defined as follows:
Furthermore, the components of Total Factor Productivity Malmquist are derived from the breakdown of Malmquist index, as follows:
Data, Variable, and Proxy
The main data used in this study is the Survey of Large and Medium (Survei Industri Besar dan Sedang, SIBS) published by the Central Bureau of Statistics (BPS). The period covers 2000-2009. Each company (KIPN) is grouped based on 3-digit ISIC code. For each company, we use the following set of variables: output, capital, labor, raw materials, and energy.
We can calculate the output of the firm based on their production or sales. This study use the first proxy, since the firm use all resources (capital, labor, raw materials and energy) to produce a number of outputs despite of being sold or stored as inventory. The production value will be deflated using Indonesian wholesale price index correspondingly for each sub sector.
The proxy for capital is estimated fixed or durable asset including land, buildings, machinery, vehicles, and other durable asset. Some missing capital data during the survey is estimated. We use capital at year t to estimate the capital for other years, using the firm investment (purchase or maintenance), the value of sales, and depreciation (assuming equal to 14%) during those missing period. To get real capital data, we use Gross Domestic Fixed Capital Formation (GFCF) deflator to deflate the nominal capital.
For employment data, we consider the use of working hours to be appropriate, since same amount of labor in a firm may generate different output when their working hours change (due to overtime or temporary production stops). However, due to a lack of data, this study used the number of workers as proxy for employment.
The intermediate input included raw materials and supporting materials originated both from domestic and import. This intermediate input is deflated using wholesale price index, which is assumed to be equal across companies.
For energy data, we use of fuel and lubricants as well as electricity. Both of these energy were deflated before aggregating them to one energy composite. We deflate fuel and lubricants using their corresponding wholesale price index (premium, kerosene, diesel fuel, diesel oil, fuel oil, and lubricants). For electricity we use sectoral GDP for electricity as deflator.
Our data covers 49 subsectors with the total of 3,295 firms. The summary of variable and the distribution of sample is provided on Table 2 and Table 3 . 
IV. RESULT AND ANALYSIS
The first part of this chapter analyzes the aggregate TFP growth, then its decomposition. In addition to analyzing the entire period The strong efficiency change in 2000-2004 was associated with ongoing consolidation after the financial crisis 1998. This included the improvement of investment climate to raise the investor's confidence. As the domestic demand and investment activity was weak, the companies improved their productivity by increasing the production efficiency. The company improved the use of intermediate input, improving production layout to shorten the switching between work stations, aligning the workflow across workplaces (the concept of pull systems) to reduce the accumulation of half finished product between work stations, and the application of Lean Manufacturing conceptsto reduce the idle time between work stations. During 2000-2004, the slowed down technical change means the decline of production frontier, due to the declining production capability of the machines. One possible reason is disturbance on machine replacement as indicated by the low growth of investment (GFCF/PMTB) and the low realization of investment (both FDI and domestic).
The Agregate TFP of Manufacture Industry
In contrast, during 2005-2009 period, technical change play greater role on TFP growth. The average growth rate of investment and the realization of domestic and foreign investment were higher compared to the previous period (Figure 18 and 19) . The increase of aggregate investment and the realization of domestic and foreign investment generally bring new technologies.
During this period, though the technical change increased, the efficiency change or catching up effects decreased. Similar studies on productivity in other countries explain the reason for the decline of catching up effect when technical change increaseis the lack of human resource capacity on adapting the new technologies.
The inability to catch-up indicates a low labor competency, either because of the low education and low skill. This weakness may affect the ability of manufacturing sector to operate optimally. In the long run, this may cause the foreign investment in Indonesia is limited to the low technology one. Unlike Indonesia, the increase of technical change in Malaysia, was not followed by a decrease in efficiency change (Figure 20) . The rank of Global Competitiveness Index during 2012-2013 for Indonesia was apparently far behind Malaysia, especially for the fourth pillar (basic health and education) and fifth pillar (secondary education and training). This may explain the difference of the TFP dynamics over the two economies (Table 5 ). �  ��  ��  �  ��������  ��  ��  ��  ��  ��  ��  ��  ��  �  ��  ��  ��  ��  �����  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  �  ��  ��  ��������  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ������  ��  ��  ��  ��  ��  ��  ���  ��  ��  ��  �  ��  ��  ���������  ��  ��  ��  ��  ��  ��  �� ���  ��  ��  ��  ��  ��  ��������������  ��  ��  ��  �� ���  ��  �� ���  �  ��  ��  ��  ��  �����  ��  ��  ��  �� ���  ��  ��  ��  ��  ��  �  ��  ��  ��������  ��  ��  ��  ��  ��  ��  �� ���  ��  ��  ��  ��  ��  ��������������  �� ���  ��  ��  ��  ��  ���  ��  ���  ��  �  ���  ��  �������  ��  ��  ��  ���  ��  ��  ��  ��  ��  ��  ��  ���  ��   ������������������������������������������������������������������� 
TFP and Its Component Across Manufacturing Subsector
The model calculation show the total factor productivity of all subsectors grew during 2000-2009, except for Lamp industry (Table 6 ). Technical change became the major source for the growth of TFP in most subsectors (about 75 percent of all 49 subsectors we observed). On the other hand, efficiency change play greater role on the TFP growth in the following subsectors: Spinning; Other foods, Leather goods, Footwear; Glass; Clay product; Building and Construction; Equipment and Components of four or more wheel vehicles; and Other Manufacturing. (Table 8) , the number of subsectors in first quadrant decline relative to previous period, [2000] [2001] [2002] [2003] [2004] (Table 7) . In contrast, the number of sub-sectors in quadrant II increased across the two corresponding periods. The decreasing number of industry sub-sectors in quadrant I and the growing number of subsectors in quadrant II indicates a lack of development and innovation on managerial (working procedures) along the production process. This affects the firm in two aspects, first, the ability of manufacturing sector to operate at its potential level; and second, the ability of the labor to adapt increasing technology.
The above condition is unfortunate considering the high technical change potentially offer higher productivity. One way to overcome this problem is by developing the skill of the workers to cope with higher technology. The mapping of subsector onto the four quadrants may depend on the characteristic of the firm within the subsector industry. Some variables gathered from the Survey of Medium and Large Industry (SIBS) include: the intensity of research and development activities (R&D); innovation; sales orientation; location of the company; the use of foreign investment facility; type of ownership; and years of schooling.These variables are useful to explain our mapping; though it requires formal modeling and statistical testing, which is beyond the scope of this paper. Table 9 below summarizes the characteristic of the firm within quadrant. We recall that in terms of technical change and efficiency change, quadrant I is better than quadrant II and III, and quadrant II or III is better than quadrant IV. However, apple to apple comparison between quadrant II and III is not valid.
We see some interesting evident from the survey; first, the use of foreign investment facility is associated with higher technical change and also higher efficiency change, which lead them to quadrant I. Second, similar pattern apply when the company is partially or fully owned by foreign. Third, if the company is located in industrial area, the likelihood to have better infrastructure support increase. On the other hand the motivation for companies to learn from each other is greater. These will help them increase their productivity; hence put them more likely in quadrant I, II, then quadrant III. 
V. CONCLUSION
This paper provides several interesting result. First the TFP of medium and large scale companies in Indonesia grew 7.44% on average during the year of 2000-2009. The main source of the TFP growth is technical change, followed by economic scale change, and finally efficiency change.
During the period of 2000-2004, the source of TFP growth was efficiency change, while for the period of 2005-2009, the source of TFP growth shifted into technical change, along with the increasing investment activity.This is the second conclusion of this paper.
Third, even though the technical change increased, the catching-up capability (efficiency) decreased in [2005] [2006] [2007] [2008] [2009] , showing the inability of the company to adapt the more advance technology.
